The synthesis and anti-tubercular activity of series of acyl hydrazonyl compounds, namely ( 
Introduction
Thiophene and its derivatives have been well studied as materials, e.g., in applications in organic electronics and photonics 1 and in the medical area. In the medical area, the thiophene nucleus is present in many natural and synthetic products having a wide range of pharmacological activities, such as antiviral 2 , anticancer 3 , antibacterial 4, 5 , antifungal 5, 6 , and anti-inflammatory agents 7 . Our interests in the biological activities and structural chemistry of heterocylic compounds have led us to investigate thiophene and its derivatives, which have been found to exhibit tuberculostatic activity 8 . We have reported the anti-TB activities of acetamido derivatives, 2-(RR / NCOCH 2 )-thiophene 1 [9] [10] [11] , and more recently acetohydrazide derivatives of thiophene, 2-(ArCH=N-NHCOCH 2 )-thiophene 2 12 , see Scheme 1. In the latter study 12 , the most active compounds were (2: aryl = 5-nitrothienyl and 5-nitrofuranyl), while among the moderately active compounds were (2: aryl = pyridin-2-yl, or 2-hydroxyphenyl). Due to the promising biological results, we have followed up this study with work on further acylhydrazonyl derivatives of thiophene, namely (E)-N'-(arylidene)thiophen-2-carbohydrazide 3, (E)-N-methyl-N'-arylidene-thiophen-2-carbohydrazide, 5, and (E)-N-methyl-N'-arylidene-2-(thiophen-2yl)-acetohydrazide 6, and in addition, on a series of furanyl compounds, (E)-N'-(arylidene)furan-2-carbohydrazide 4, see Scheme 1.
As well as reporting the synthesis and biological activities of the new thienyl and furanyl derivatives. The choices of the aryl moiety used in this second study were based on the results from our previous study 12 . Thus derivatives containing 2-hydroxyphenyl, 5-nitrothien-2-yl, 5-nitrofuran-2-yl and 2-pyridinyl as the aryl substituents feature strongly in the current report. Table 1 lists the compounds studied and the biological results obtained. All compounds were characterized by IR and NMR spectroscopy. [13] [14] [15] [16] [17] [18] . In our previous study 11 the NMR spectra of compounds 2 indicated the presence of two forms in solution, from the doubling of certain signals. A similar finding was observed for compounds 3 in this study. There are, in principle, four possible arrangements about the C(O)NH=N fragment in acylhydrazones, RCONHN=CHR Only one set of NMR signals are observed for the N-methylated compounds 5 and 6. Methyl substitution at nitrogen of the C(O)N fragment results in restricted rotation about the (O)C-N(Me) bond and leads to the less hindered rotamer being strongly favoured, which in the cases of 5 and 6, is the Z C(O)NMe conformer. Furthermore, the extra steric hindrance of the methyl substitution would further disadvantage the Z (N=C) geometric isomer resulting in formation of just the E N=C /Z C(O)NMe isomer and elimination of other isomers, at least to the limits of NMR detection.
In contrast to the situation found for the thienyl derivatives 3, the analogous furanyl compounds, 4, in solution exist in a single conformation as only one set of NMR signals are observed in solution. A similar situation was found for 5-(2,5-Cl 2 C 6 H 3 )-2-(2-MeOC 6 H 4 CH=N-NHCO)-furan, 7 15 . To find some collaborative support for this finding, we looked at the single crystal X-ray data for compounds 3 and 4 in the literature.
Various crystal structures for compounds in each of the series It could be argued that crystal packing effects and intermolecular interactions could so favour the E C(O)NH /E (C=N) conformers in the solid state, that the solid state findings are not relevant in explaining any solution finding concerning molecular conformations. However the array of compounds 4, with mono-or di-substituents, electron releasing or electron withdrawing substituents, small or bulky substituents, strong hydrogen bonding substituents or not, all existing in the E C(O)NH /E (C=N) conformation is a reasonable pointer to a conclusion that the E C(O)NH /E (C=N) conformation is very highly favoured over the Z C(O)NH /E (C=N) conformation for furanyl derivatives 4. Table 1 lists the results of biological activity against M. tuberculosis H37Rv (ATTC27294). Of the 30 or so compounds prepared, 13 were not sufficiently soluble for the screening and 8 were deemed inactive. The most active compounds were the 5-nitrothienyl derivatives, 6a and 2a 12 and the 5-nitrofuranyl derivative 2b 12 with MIC (M) values of 10.8, 8.5 and 9.0, respectively, respectively, compared to those of ethambutol of 15.3 and isoniazide of 0.46. The other two 5-nitrothienyl derivatives, 3a and 4a were insufficiently soluble for the screening, thereby preventing a comparison involving all the 5-nitrothienyl compounds.
Biological activity
Moderate activity was determined for the 5-nitrofuranyl derivatives, 4b and 6b: again a comparison of all the 5-nitrofuranyl derivatives was thwarted by the lack of the adequate solubility of 3b.
Of the remainder of the compounds, moderate activity was also found for 3c and 3n: similar moderate activities were found for the corresponding RCH=NNHCOCH 2 -thiophenederivatives, 2, in the earlier study 12 . The activities determined for the various hydroxyphenyl derivatives, 3d-3n and 4d-4k are so mixed that no general trend can be extracted from the data, apart from the generally lower activity of the furanyl compounds 4, compared to those of the analogous thienyl compounds 3. The activity of the 5-nitro-heterocyclic compounds, 2a, 2b and 6a, good on one hand, and the 2-hydroxyphenyl and pyridine-2-ylderivatives, moderately so on the other, does point to differing modes of action. The latter compounds, for example are potentially good chelators of metal ions, while the former compounds do not possess this property, but could be sources of free radicals via reduction of the nitro groups 12 and references therein.
Conclusion
The most active compounds against M. tuberculosis H37Rv (ATTC27294) are (2a: aryl = 5-nitrothien-2-yl), (2b: aryl = 5-nitrofuran-2-yl) and (6: aryl = 5-nitrothien-2-yl). Moderate activity was displayed by (4b: aryl = 5-nitrofuran-2-yl) and certain derivatives of series 3 where aryl is an o-hydroxyphenyl derivative or pyridin-2-yl. The screening data from this study concurs in the main over substituent effects with our earlier findings 11 . Each compound 3 in solution exists as a mixture of conformers, Z C(O)NH /E (C=N) and E C(O)NH /E (C=N) about the C(O)-NH-N=C(H, aryl) fragment. In contrast, only one form, E C(O)NH /E (C=N) , for each compound 4 is present in solution.
Experimental Section
Chemistry Melting points were determined on a Buchi apparatus and are uncorrected. Infrared spectra were recorded on a Thermo Nicolet Nexus 670 spectrometer in potassium bromide pellets. HRMS were performd on Bruker Compact QTOF mass spectrometer system. NMR spectra were recorded on a Bruker Avance 400 or 500 spectrometers in DMSO-d 6 at room temperature. For TLC plates coated with silica gel were run in hexane/acetate mixture and spots were developed in ultraviolet and solution of ninhydrine (0.2% p/v in ethanol). Compounds 7 were prepared as reported 12 .
Synthesis of methyl thiophene-2-carboxylate (7: E = S) and methyl furan-2-carboxylate (7: E = O)
Thionyl chloride (8.25 mL, 117.2 mmol) was slowly added to methanol (80.0 mL) at 0°C under nitrogen atmosphere. After stirring for 20 minutes, 2-thiophenecarboxylic acid or 2-furancarboxylic acid (3.0 g, 23.5 mmol) was added. The mixture was stirred at room temperature for 24 hours, concentrated under reduced pressure, and the residue was neutralized with saturated aqueous solution of sodium bicarbonate. The layers were separated and the aqueous phase was extracted with dichloromethane (3 x 15 mL). The organic phases were combined, dried over magnesium sulfate and concentrated under vacuum to yield 7 as yellow syrup (3.26 g, 98-100%). The crude product was used without further purification. The product (7: E = O) was particularly unstable and the NMR spectra were not obtained. 
Compound (7: E= S)

Synthesis of thien-2-yl-2-carbohydrazide (8: E = S) and furan-2-ylcarbohydrazide (8: E = O)
To a solution of (7) (0.5 g, 3.4 mmol) in ethanol (5.0 mL) was added hydrazine hydrate (0.46 mL, 5.2 mmol, aqueous solution 55%). After stirring for 18 hours at 80°C, the reaction mixture was concentrated under reduced pressure, and the residue was washed with cold ethanol (2 x 10.0 mL), followed by diethyl ether (2 x 10.0 mL), and dried. Compounds 8 were obtained as solids, in yields of ca 80%. N'-benzylidenefuran-2-carbohydrazide (4) .
Compound (8: E = S)
General procedures for (E)-N'-benzylidenethiophene-2-carbohydrazide (3) or (E)-
derivatives were prepared by reaction between the appropriate carbohydrazide 8 (0.2 g, 1.4 mmol) and the appropriate arenecarbaldehyde (1.6 mmol) in ethanol (2.0 ml). The reaction mixture was stirred for 1-72 hours at room temperature. After that, the excess of solvent was concentrated under reduced pressure and the residue was purified by washing with cold diethyl ether (2 x 10.0 mL), leading to the pure derivatives 3a-n and 4a-k as solids in 40-97% yields. N'-(2-Hydroxy-5-methylbenzylidene) Hz; H-3), 7.15 (1H; d; J HH = 7.6 Hz; H-8'), 7.04 (1H; dd; J HH = 7.9 and 0.9 Hz; H-10'), 6.86 (1H; t; J HH = 7.9 Hz; H-9'), 6.71 (1H; dd; J HH = 3.5 and 1.7 Hz; H-4), 3.82 (3H; s; CH 3 ).
13 C NMR(100 MHz DMSO) δ: 154.0 (C=O), 148.0 (C-6'), 147.9 (C-6'), 147.1 (C-7'), 146.3 (C-2), 145.6 (C-4'), 144.9 (C-5), 120.6 (C-10'), 119.1 (C-5'), 115.2 (C-9'), 113.8 (C-3 or C-8'), 112.2 (C-3 or C-8'), 111,5 (C-4), 55.8 (CH 3 General Synthesis of 5 and 6. The appropriate derivative 2 11 or 3 (0.2 g, 1.0 equiv.) was suspended in acetone (5.0 mL) and potassium carbonate (4.0 equiv.) was added. The reaction mixture was stirred at room temperature for 30 minutes and methyl iodide (4.0 equiv.) was added. The temperature of the reaction mixture was increased to 40°C over 2-24 hours. The reaction mixture was rotary evaporated to leave a residue which was dissolved in water (20.0 mL) and extracted with ethyl acetate (3 x 10.0 mL). The organic phases were combined, dried with anhydrous magnesium sulfate, filtered and then evaporated at reduced pressure. The derivatives 5 and 6 were obtained as solids in 65-89% yields. 
